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Dimensioning program IPOSIM for loss and thermal calculation of
Infineon IGBT modules

Introduction

IPOSIM performs an approximate calculation of switching and conduction losses for IGBTs and
free-wheeling diodes in a three phase inverter configuration under the assumption of sinusoidal
output currents at inductive loads. With this tool a quick selection of a suitable Infineon IGBT
module for an application is possible taking into account its average losses and thermal ratings.
Be sure to always have the latest IPOSIM version on-hand. The actual program is available on

Home > Products > Product Categories > Power Semiconductors > High Power Semiconductors (eupec) > IGBT-

Modules >.
DC-link voltage, output and switching frequency, maximum junction temperature, expected case

temperature, modulation factor and cos ¢ can be adapted to specific operation points.

The calculation results in diagrams which are showing an estimation of the average power losses
at sinusoidal currents versus the RMS phase leg current. The thermal limits of IGBT and diode
part of the module (taking into account their thermal resistances and the given values for case

and maximum junction temperature) are considered.

IPOSIM applies an easy to use, fast and at the same time relatively exact method for loss
calculation under sinusoidal output conditions. This fulfills the engineer’s need for first estimations

on losses and thermal limits of the considered IGBT module. Points to be aware of:

- IPOSIM device data are based on values given in the respective IGBT module data-sheet. The
product data as well as the data used in IPOSIM may be subject to changes, improvements or
corrections without prior notice.

- Calculations are based on linear approximations, e.g. for the device's forward characteristics,
the derivation of switching losses and assumptions e.g. for the recovery energies. Detailed
informations on the calculations are given on the following pages.

- Operating conditions may differ from simulation assumptions in several aspects like level of DC-
link voltage, applied gate-voltage and gate-resistor, case and junction temperatures as well as
the power circuit stray-inductance. Therefore deviations of parameters and assumptions used for
the simulation and the real application may exist.

For these reasons Infineon can not take any responsibility or liability for the exactness or validity
of the program’s results. The program can not replace a detailed reflection of the customers
application with all of its operating conditions.
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D-59581 Warstein
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Calculation

The calculation of the average, total power dissipation of IGBT and diode P,, are done by a closed
solution approach for the conduction losses P.ong and switching losses Pg,, during the duration T of
one period of the output. The closed solution for Pg,, does not require summing up several switching
energies of the switched device. [D. Srajber, W. Lukasch: The calculation of the power dissipation for

the IGBT and the inverse diode in circuits with the sinusoidal output voltage; electronica "92

Proceedings, pp. 51-58]

Pav = % DZ (Econd + Eon + Eoff )
= Pcond + Psw
IGBT:

The conduction losses are given by:

Ty /2

PeondjcaT :% J‘VCE(t) O(t) (' (t)dt
0

with

i(t) = fsin(oot) : sinusoidal output current

vee(t) = Vg +r0(t) . on-state voltage according to output characteristic i = f(vg)

T(t): function of pulse pattern with IGBT turned-on = 1 and IGBT turned-off = 0

In fact, it is the duty cycle of the IGBT (duration over the switching period). T’ can be substituted by a
function of time, modulation and phase angle, which is derived from an extrapolation of the
intersections of a saw tooth with a reference sinus. The formula is obtained by writing the duty cycle
variation over the time and making the switching frequency infinite (discrete to continuous integration).
T(t) = 3(1+msin(ct + ¢))

which leads to an easy to solve expression for the conduction losses.

To/2
j (Vo +ri sin(ot)) O sin(et) T (1+ m sin(ot + ¢)))dt
0

— 1
Pcond,IGBT - ﬁ

~ A YVrel

(VCEOGl+rdz)+mmos¢mvCEogi+lm?2) 4
T 4 8 3m

1
2

with the modulation factor m as the relation of AC

output amplitude to DC-link voltage:

m<1: linear mode of the PWM "

1<m<4/m: over-modulation FV-M !
m = 4/1t: square wave operation I ‘ I |
- 2

As T' is a duty cycle, it can't be greater than 1. Thus values of m>1 represent an equivalent area of a

non-sinusoidal reference signal.
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The switching losses can be expressed as the integration of all turn-on and turn-off energies at the

switching instants.
To/2
Pswicat = fswicaT E% I(Eon +E o )(t1)dt
0

Using the measured turn-on and turn-off energy dissipation per switching pulse (given in the data-
sheets at nominal current |,om) the energy of the single switching event at a temporary current j can
be assumed linear.

Furthermore the applied DC-link voltage at several applications may vary from the nominal DC voltage
used for the determination of the losses. The practice shows, that a linear adjustment of the losses
within a certain limit of the nominal voltage (here = 20% ) is permissible.

oV

. 1
Esw,IGBT (') = [Eon,IGBT (Inom ’ Vnom ) + Eoff,IGBT (Inom ’ Vnom ))l_ v

nom nom

To solve for the total switching losses of the IGBT the switching energies have to be added up:

Pswicst =1 DZ Eswicer (in)
n

The number n is given by the relation of output frequency f to switching frequency fgy. An
approximated, closed solution for the IGBT switching losses at a phase leg current i is given by the

following formula:

1 iV
PSW,|GBT = _fsw |JEon (Inom ’ Vnom ) + Eoff (Inom ’ Vnom ))_ D&
n lnom Vnom
Diode:
The diode losses can be calculated in a similar way:

- ) -
i i 1 -
P = Ao Bt o) —mBos ¢ [Vag G-+ — B2
cond,Diode 2 ( TO T T 4 ) ¢ m TO 8 37 T )
The turn-on losses of the diode can be neglected in the diode switching losses. We receive the turn-
off recovery losses by summing up

In Vdc

-1
I:)sw,Diode - T_o DE Eoff,Diode (Inom ’ Vnom )
n

Inom Vnom

or as closed solution for the diode at a phase leg current of i(t) = fsin((ot) :

1 i V
F)sw,Diode = Efsw DEoff (Inom ’ Vnom )_ DL

Inom Vnom

In the calculation we derive the turn-off energy at a certain current i not by a linear down-scaling of

the recovery energy W (I,om ) » but by the approach

Erec (1) = E e (Inom )0.45 +0.55)

nom
which fits better to the non-linearity of the "recovery energy vs. current” curves. With this, the diode
losses can be written as:

i Y,
| +0.55)3—dc_

nom nom

1 .
|:)sw,Diode = Efsw |:Erec (Inom) (0-45

-3-
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The lead resistance is the resistive value of the connection between power terminals and chips.

Considering this value a better

junction case heatsink ambient
utilization of the module as well as a
Rithjc,I Rithen,l .
1 1 more accurate rating of the thermal
e e
design is possible. The chip-related
Pics Rinh T
- data specification of the forward
voltages allows a more accurate
Rinic, Rineh, determination ~ of the  junction
1 1
e e

temperature, while the total losses,

Pdiod which have to be removed from the

9 Prcc+ee module by the heat sink, are also

available. If the IPOSIM input field

shows a line named “module lead resistance Rcc+ee' / mQ”, then this value is available in the data

sheet. In the result diagram the curve “losses per switch” cover the IGBT, diode and lead resistance
losses.

The thermal model indicates, that the parasitic losses of the lead resistance Prcc+ee are not longer

considered as part of IGBT or diode chip losses. They are partly dissipated through the main

terminals, but as a worst case condition, it is assumed, that all losses are injected into the module’s

base plate. The above shown thermal equivalent circuit clarifies how device and parasitic losses are

considered in the thermal calculation explained later on.
To/2
Precee = - j Recee 02 sin? (wt)dt

0
52

=Recuer DII

The temperature dependency of the module lead resistance is specified by
Recuer (Feaq) = [1+ (8 16aq — 25°C)] [Recsee (25°C) with o = 3.8510 2K ™ for copper

and taken into consideration under the assumption of ¥ e5q = U case -

Before you start

IPOSIM uses macros for its calculations. If these are not activated, you will get a corresponding query
from Excel. IPOSIM won't work. To activate the macros, the default security setting of your Excel
program has to be changed. This setting is located in:

"Tools" --> "Options" --> "Security" --> "Macro Security..." --> "Security Level".

It should be set at "Medium", not "High". Otherwise the above problem will occur.

After the setting is changed from "High" to "Medium" and saved, the next time IPOSIM is opened, a
"Security Warning" will be prompted. Please select "Enable Macros". Then IPOSIM shall function

normally.
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Input for the calculation

Start with sheet “autom. selection”. Enter you your application dependent inputs into the left, green-
shaded fields. IPOSIM checks, if these values comply with applicable limits. The parameters finally
used for the simulation are given in the right, yellow-shaded field. If deviations occur between input
and parameters used for simulation, these will be highlighted.

IPOSIM will select admissible modules, considering the required voltage class and a sufficient current
rating for the module. The IGBT module product range from Infineon comprises voltage classes from
600V to 6500V. The test voltages used for characterization and the typical operation range are shown

in the following list:

voltage class | test voltage | typical operation range
600 V 300V 240to 360 V
1200 V 600 V 480 to 720 V
1700 V 900 V 720 to 1080 V
3300 V 1800 V 1440 to 2160 V
6500 V 3600 V 2880 to 4320 V

An interpolation of dynamic losses for applications with voltages deviating from the test voltage value
can be performed with low failure within the typical operation range of test voltage +/- 20%. If you are
not in the ‘typical operation range’ for a given voltage class, IPOSIM will issue a corresponding notice.

The blue layered fields show the static and dynamic losses for the selected module in the considered
operation point. IPOSIM will always calculate and display the losses per single switch, independent if

a single (FZ..), dual (FF..), six-pack (FS..) or other module configuration has been chosen.

(infineon

average losses for sinusoidal output current at 2000 Hz switching frequency
FFS00R17KE3

IGBT Power Simulation for Infineon IGET modules V6.1a September 2006

IPOSIM.PDF
module selection for 3-phase inverter applications | g |

average losses for sinusoidal output current

Flease specify your inverter application simulation limits: 2500 ——— Loszes (IGET] W
application in the green lagered fields:  parameters: parameters:
DC link. voltage vde [V] 200 900 OVs VdeS 4320 ¥ sy Lozzes [diede] # W
]
FiMS current ims [A] 500 500
L0550 ot switch
Frequency 10 [Hz] 50 50 1Hz = 02 1000 Hz 2000 [IGET » diade] £ 4
switching Frequency Fs [Hz] 2000 2000 B4 F0S 2 10000 % 0 / = @ = ma loczes (IGET)
: Teases0'C
mat. junction temperature Tj ['5] 125 125 40 CETjS125C @ Tease
4 5 = = = max. losses [diod

case temperature To[C] 20 20 4D CETe T 3 - / | = R e
modulation fastor m 100 100 1 ms 4 E N ET Er T Eee e -.../
casp 1,00 1,00 -2 cosp =1 % /

2 A

% 1000 L -

& / "

] //

i
Selected voltage class [¥] 1700 E

select 2 module: select a housing: | 1 S W /'4/'/' St R P
500
FFE00RTTKES b l l THIHA 0" 5 0dusl b I /;‘;f/
,_,_—t—l—'__'_’

staticIGET losses [W] 1032 ﬁ P I ey,
dynamic IGET losses [W] 293 £ 696 8 0
st diode losses [W] 24 ] 00 200 300 400 500 600 700 800 300 1000
dynamic diode losses [4] 126 £ 170 diagram based on hypical device data for Tj=125C

phase leg current [Arms]
howe to read the disgram:
The cross point between the biue (or red) solid line and the biue (or red) dotted line delivers the
highest allowed IGBT (or diode) RMS phase leg current &t the given operation conditions .
In consideration of the limits regarding required blocking voltage and current rating you can choose
among the contemplable modules from the left drop-down menue. By means of the second drop-down

menue you are furthermore able to restrict the selection to a single housing type.

An example for the available housing types are shown on the next page.
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For every parameter change on sheet “autom. selection”, IPOSIM will newly calculate and — where
applicable — newly select devices. By moving further to the next sheet “selected module” you may
now change freely all parameters for the module, which has been pre-selected on the last sheet.

This is the input mask you may know from earlier IPOSIM versions.
IGET Power Simulation for Infineon IGBT modules V6.1a September 2006

O
medule selection for 3-phase inverter applications L | Info | ‘ In flneon

average losges for sinusoidal output current average losses for sinusoidal output current at 2000 Hz ewitching frequency
selected module FFB00R17KE3 FFBO0R17KE3
Flease specify your inverter application simulation limits: 2500 Py
applicationin the green layered fields:  parameters: parameters: o uoltage 300 +.20%
DI fink, voltage Vde [¥] 300 900 TR0V E Vo= 1080y e Loszes [diode] {0
RMS current rms [4] B00 . 500 Irms S 8414 lozs limitation
frequency F0 [Hz] 50 50 1Hz 2 (021000 Hz 2000 e rkr
suitching frequency Fs [Hz] 2000 2000 Buf0S 25 10000 4 0 - - e lassss [IRET)
ma, junction temperature Tj[T] 125 125 -40°CS TS 15T @ TeuzesB0
case temperature To ['T] 20 20 ADCETesT) g g0 / y e m@ﬂ;-c‘:::got_gwdcl
midulation Factar m 1.00 1.00 0sms 4hm = R T RN S e e N ----/
cosy 100 1.00 g cospE1 § //
suggested min. gate-resistor Fig [2] 18122 % 1000 // //
madule lead resistance RCCWEE' [ma] 037 E’ ///

a

500

static IGET lasses [W] 032 e

_‘_.___,_._.—-—-—'—_'__
dynamic IGET losses [W] 233 I 6396 ]
static diade lozses [W] 24 o 100 200 00 400 SO0 BOD 70D s00 900 000
dynamic diode losses [W] 136 I 170 diagram based on typical device data for Tj=125C

phase leg current [Arms]
hovye to read the disgram:
The ctoss poirt between the blue (or red) solid ine and the biue (or red) dotted line delivers the
highest allowwed IGBT (or diode) RMS phase leg current at the given operation conditions.

Once you have decided for one of the recommended modules, this page will be your favourable
choice. Working on this sheet gives faster response to changes because IPOSIM does not any longer

require continuous recalculations for all available modules.
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Interpreting the diagram “average losses vs. phase leg current”
The calculation results in the diagram are showing the average power losses P,, at sinusoidal currents
versus the RMS phase leg current.

average logses for sinusoidal output current at 2000 Hz switching frequency
FFS00OR1TKE3

2500 Losses (IGET) ! W
= Lozses [diode] W
L5505 per switch

[IGET + diede] ! W
= @ = max losses [IGET)

@ Teaze=80C
/ = = = max losses [diode]

500 P @ Teazesd0 G

o

u-.@-{.—-{;—q}-q}-//--{,—----Q-.--.

s00 ]

0 100 200 300 400 s00 600 oo 00 300 1000

2000

average losses Pav [W]

diagram bazed on typical device data For Ti=125'C

phase leg current [Arms]

The cross points between the blue (or red) solid line and the blue (or red) dotted line indicate the
highest allowed IGBT (or diode) RMS phase leg current at the given operation conditions.The thermal
limits of IGBT and diode, shown by the horizontal lines ‘max. losses’, are derived by incorporating the
thermal resistance Zth,, and the given values for case and maximum junction temperature. The
calculation assumes sinusoidal power dissipation with average power losses of P,,.

The maximum permissible phase currents for IGBT and diode can be read at the crossing of the P,
curves with the ‘'max. losses” curves. In the shown example and with the given operating conditions,
the maximum achievable phase leg current by the IGBT is appr. 1000 A while no thermal limitations

exist with regard to the diode. If there is no thermal limitation reached, the RMS phase leg current will
be restricted due to the limit of the RBSOA to 2 Ol 12

Be aware, that the achievable currents strongly depend on your assumption about the case
temperature. This temperature will directly influence the hight of the dotted line, i.e. the maximum
RMS phase leg current. The case temperature is usually just a ‘first guess’. The next sheet
“temperature distribution” will offer the option to enter the thermal resistance of the heat sink and the
ambient temperature. With these values available, a much more reliable assessment of the thermal
conditions are feasible.
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Benchmarking

While the first two worksheets focus on a single device, the following sheet “ampacity and
benchmark” offers the opportunity to compare two or more devices regarding their current carrying
capability under identical operation conditions.

When entering the page, the initial application parameters will be taken over and you may enter a
range of switching frequencies for which the achievable current should be calculated. Three drop
down boxes will suggest widely comparable modules or allow you to select other modules of the same
voltage class for comparison.

Since latest IGBT3 chips allow for operation above 125°C, these devices will be initialized with a

maximum junction temperature of 150°C.

Activate the comparison by pushing the button ‘start benchmark’.

IGBT Power Simulation for Infineon IGBT modules V6.1a September 2006 -
: ] g IPOSIM.PDF | Info -
medule selection for 3-phase inverter applications | n I:| neon
current carrying capability vs. switching frequency
achievable output current at given operation conditions ve. switching frequency

Fi ify your invert licati It .
e e e s ——rrocenmes
PP g u 5 f? " nom. woltage 900 +-205
DIC link valtags e [¥] 900 900 720VEYdoE 1080 Y —=—FFEO0RTIKES
L] oo
Frequency FI [Hz] 0 50 1Hz= FO< 1000 Hz Ek—: s FF$00RTTKES_E2
switshing frequency fs [Hz] 250 to 2000 250..2000 501000080 b""““"‘"‘*—-""—--.__ e
madulation Factor m 100 100 Osmsam L "‘"----.._,_______‘__
osy 100 L0 dscosyst I S “""_““-""""*--.."--‘“‘_.:--__
= |50 — Tl g SO —
= —_
s, ambient temperature Ta [12] 4 - [——— ] I ]
g r— | s
g | s00 —
choose: ;
start benchmark | 216BT O Diode 2w
*x
FthIGET-  Fithcaseto  Fith heat sink g
select up to three FE: : _
ph i junctionta  heatsinkper permodule  mas junction e
MOSEIES: FOFDENERm A housingtype  case[KM]  IGBT[KMW] arm[KPW]  temp. Ti[C]
FFE00RITKES |IHMHU'ISUduaI‘ 0.0280 | 0,017 | 0,060 | 125 | 100
IFFW“F““<E3 'l [meotsoan] owse0 [ oo | ovoeo [ s | o

250 450 850 50 050 1250 1450 1650 1850

I FFE00RITKES_E2 - l |IHMHU'|SUduaI‘ 0.0240 | 0.025 | 0.060 | 125 | diagram bazed on typical device data
switching frequency Ts [Hz]
I FREOORITKF6C_B2 'l |IHM140'|50dual‘ 0.0260 | 0.024 | 0,060 | 125 | howe to read the diagram:

The diagram shows the maximum achievable RMS output current for diffferent switching frequencies
under the given operation snd cooling conditions. Chose up to four modules to compare their performance.

Avoid to compare apples with pears | Comparing modules of different housing types is possible, but
needs at least some considerations regarding the thermal resistance per module. IPOSIM will initialize
the corresponding, green layered input cells with the same value (set on sheet “temperature
distribution”).These values should be either adapted according to the base plate size of the specific
module or by assuming different heat sinks according to the list of typical heat sink values given later

in this document.
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FAQs

0 The curve ,Josses” ends although the line ,max. losses” is still not reached !
There are two values, which might limit the maximum allowed RMS current value:
- the thermal limit, if P, *Rth;; of IGBT or diode exceeds the input for T; -Tgase OF

- the current peak capability which is limited by the RBSOA to Igys =2 Olpom IN2.

0 Why does the diode loss curve tends to show a bending in the lower current range ?

The bending is always present, but only catches someone’s eyes when the calculation is done at low
current / high switching frequencies. To approximate the non-linear function of E..=f(l), the formula
Erec(l) = Erec(lnom)*(I/1hom*0,45+0,55) is used. The bending arises by enforcing E,.:(1=0) to 0.

0 How does IPOSIM calculate for junction temperatures which are unequal to 25 and 125°C ?
The static losses for IGBT and diode as well as E, for a given junction temperature are derived by
linear interpolation of the 25 and 125°C data sheet values. If these values are available for the E,,

and E.¢ switching losses, the interpolation is done, otherwise the 125°C values are used.

0 Can | change the Rgon or Rgoff values ?

Rgon or Rgoff are not a input values for IPOSIM. In fact, you have to adapt the switching losses. Read
the corresponding values for E,,,, Eq and E. from the diagram part of the data sheet. On sheet
“values” copy the row of the respective module to the end of the table (only here datas can be edited)
and modify the values for E;;and E,... For this see the last page of this document, where you learn

how to enter customized IGBT data.

-10 -



infineon

Considering the junction temperature ripple

The IGBT as well as the diode part of a module are conducting for 50% of the cycle-time of the
sinusoidal output. Losses in these devices appear for one half-period, while the IGBT or diode in the
opposite inverter position is not active. The junction temperature therefore oscillates with the output
frequency.

There are three ways to implement its thermal calculation:

1) By just using the average losses P,,, we achieve an average junction temperature Tj,, = P, * Rthy.
Due to the before mentioned ripple on the output, the peak value of the actual junction temperature
will exceed the calculated Tj,,.

2) A simple approach is to assume that the average losses P, are dissipated in a rectangular shaped
block of two times P,, during one half period of the phase current. Advantageously there exists a
closed solution for such a periodic sequence of equally shaped pulses of period length Ty:

Tol2

_ 1-e
T, =2[P,, DZRiﬁ

| T

1-e
The actual time-dependent losses in the device follow more or less the sinusoidal shape of the output
current. An approximation of this shape by rectangular shaped blocks according to above formula is
valid only for higher frequencies. The following example shows a comparison of the junction
temperature rise for sinusoidal (blue) and rectangular (red) shaped power losses p(t) at 50, 5 and 1

Hz respectively with the same value for the average power P, .

50 + - 1200 50 + T 1200 50 - 1200

50 Hz 5Hz 1Hz
1 1 e T rectangle
40 /\ + 900 40 + 900 40 900
— T SiNUS
— 30 - 0| | =30 + | [0 o
:E' T GOOE E 1 GOOE = P rectangle | GOOE
=90 \ =90 1+ L) P sinus
0 ] - 300 01 + 300 " + 300
0 : } . } 0 0 f } . } 0 0 -0
0,000 0,004 0,008 0,012 0,016 0,020 t[s] 0,00 004 008 012 016 020 t[s] 0,00 020 040 060 080 1,00 t[s]

At 50 Hz, the junction temperatures for both curves behave quite similar. In the right 1 Hz figure it
becomes obvious, that due to the low output frequency and its relation to the time constants of the
transient thermal resistance junction-to-case Zthj, the temperature closely follows the shape of the
loss curve. For sinusoidal losses, the simple rectangular approximation is not applicable any longer!

3) IPOSIM assumes a half-wave sinusoidal shape for the time dependency of the before discussed
average power losses P,,. The distinct fluctuation of the junction temperature is considered properly.

Although the average losses P,, might be the same, the ripple and therefore the peak junction
temperature increases at lower frequency and decreases with higher frequency. By changing the
value of the output frequency on the sheets “autom. selection” or “selected module”, the horizontal
‘max. losses’ lines in the “average losses vs. phase leg current” diagrams are adapted accordingly

and are moving up or downwards.

-11 -



Temperature distribution between junction and ambient

infineon

Considering the before calculated average losses vs. phase leg current and using the thermal model

as shown in the chapter "module lead resistance", on sheet “temperature distribution” IPOSIM

calculates the temperature drops across the three layers junction-to-case, case-to-heatsink and

heatsink-to-ambient.

IGBT Power Simulation for Infineon IGBT modules V6.1a September 2006

module selection for 3-phase inverter applications

temperature distribution

IPOSIM.PDF | Info |

Cfineon

temperature distribution across IGBT j ion-to-case, case-to.

and heatsink-to-ambient for Ta = 40°C and a given heat sink

115

13

o 226 283 otz 463 BEE 76

— Tha

= = Tjmat=1285C

:0 406

selected madule FFED0R17KES temperature at
simulation Irms = 500 A
parameters: Timas[C] 29,5

DC link voltage de [¥] 00 Te[T] 1072

RMS current Irms [A] 500 ThICTl 5.3

Frequency 0 [Hz] 50 man. current for T

switihing frequency Fsw [Hz] 2000 Ti<= 125C :.‘

k. junstion temperature T[] 125 ims[&] 4795 pr
=

madulation Factar m 1.00 &

cosp 1,00 choose: E]

Fith IGET junction to case [KiW] 0,028 @IGBT < Diode g

Fith case to heat sink per arm [Ki'w] 0.0z 0.7 0.033 =
=3
2
-]
5

Please specify heat sink and ambient  application z

temperature in the green lagered figlds  parameters: g

Fith heat zink per arm [KfW] I 0,060 I E‘

"

k. ambient temperature Ta [T 40 10 0CETaE Te =

static IGBT losses [W] 403

dynamic IRET losses [W] 293 T 696

static diode losses [W] 34

dynamic diode losses [W] 136 E 170

diagram based an typical device data & Tj=125C

phase leg current [Arms]

howe to read the diagram:

The crogs poirt between the max. junction temperature (dotted red line) and the red area delivers

the higest alloweed RMS phase leg currert st the given operation and cooling conditions .

Enter the thermal resistance of your heat sink and the ambient temperature into the green layered

fields. If heat sink values are not available yet, the following table will give you some benchmarks for

different module housings and cooling conditions. IPOSIM itself will initialize the cell “Rth heat sink per

arm” with a value according to following rule:

for Easy modules: Rthp, = 2 x Rthj,

for all others:

Rthha =5x Rthch.

You have to adjust this roughly estimated value for your specific application. An indication for typical

ranges of Rthy, values can be achieved from the following table.

typical values for Rth,, depending on module type

module type Rthg, per module [K/W] Rthy,, per module [K/W]

typical values acc. to data sheet | water cooled (typ. 6-10 I/min) forced air
Easy 0,37-0,22 0,8-04
EconoPACK™2 0,02 0,24 -0,12
EconoPACK™3 0,012 - 0,011 0,12 - 0,06
62mm module 0,012 - 0,01 0,2-0,1
EconoPACK™+ 0,005 0,05 - 0,025
140x130mm base plate 0,008 - 0,006 0,01- 0,0065 0,05 - 0,028
140x190mm base plate 0,006 - 0,004 0,007 - 0,0045 0,04 - 0,02

-12 -
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For modules containing more than one single arm (e.g dual modules FF... or sixpacks FS...) the Rthg,
values given in the module data sheet are aligned, so that the value shown in the corresponding
yellow layered IPOSIM field reflect the “Rth case-to-heatsink per arm” for IGBT plus parallel diode.
Below the two buttons, you find the separated pro-rata values for the IGBT and diode part. Be aware
to do the same alignment — if necessary - for the heat sink (entering per arm values, while per

modules values are given) when using above table.

After entering the correct thermal resistance of the heat sink and the boundary conditions for a
maximum junction and ambient temperature are set, the blue layered fields deliver two informations:
Firstly the temperatures of junction, case and heat sink for the pre-defined RMS current are given.
These values may exceed the temperature limit of Tjma=125°C !

Secondly the maximum current is calculated, which can be achieved when keeping the pre-defined

maximum junction temperature limit.

By switching between the two IGBT / diode buttons (the active button is red-colored) you can perform
the calculation for the IGBT as well as for the diode part of the module. In most cases, the highest
temperatures for IGBTs will be reached in motor operation while diodes will reach highest
temperatures in regenerative operation. Be aware that you do not change the cos ¢ when switching
between the buttons ! Clicking the diode button for cos ¢ > 0 will display the diode temperatures at
motor operation, clicking the diode button for cos ¢ < 0 will display the diode temperatures at

regenerative operation.

-13-



infineon

Interpreting the diagram "temperature distribution across junction-to-case, case-to-heatsink,
heatsink-to-ambient vs. phase leg current”

For a fixed maximum junction temperature as well as a maximum admissible ambient temperature the
diagram will give the temperature distribution across the different layers junction-to-case, case-to-
heatsink and heatsink-to-ambient versus different phase leg currents.

In the example below, the junction temperature (top line of the diagram) is set to 125°C and the
ambient temperature (bottom line of the diagram) to 40°C. With the given module and operation
conditions we get a maximum phase leg current of 479.5 Arms.

temperature distribution across IGBT junction-to-case, case-to-heatsink
and heatsink-to-ambient for Ta = 40°C and a given heat gink

15

junction

&I Rthjc

I

an

:| Rthch

Ef

Rthha

temperature drop across hg, ¢-hs, j-¢ [K]

ambient

i
1 LE 12 1o 226 283 el 453 BEE T35 05 a0s

diagram based on typical device data @ Ti=125'C

phase leg current [Arms]

Compared to standard modules, which provide a large thermal capacity due to their integrated Cu or
AISIC plate, the thermal dynamic behavior of Easy modules is different due to the lack of a base plate.
To receive reliable simulation results, IPOSIM uses a Rth junction-to-heatsink, which considers the
influence of different chip sizes and the heat spreading in the thermal interface. The Rhjc and Rthch

layers are therefore consolidated for Easy modules.
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Calculation of the junction temperature ripple

On sheet “temperature ripple”, you find the calculation of the steady state junction temperature for
repetitive operation. The black curve (scaled on the left side of the diagram) represents the idealized
sinusoidal run of the power losses, while the red curve (scaled on right) shows the resulting time
dependent junction temperature during one cycle. As described before, IPOSIM regards this ripple
when calculating the thermal limits for a given maximum junction temperature.

You may preview and print a result summary, showing the diagrams of sheets “select module”,
“temperature distribution” and “temperature ripple” as well as the calculation inputs and results in

tabular form by clicking on the button ‘print results’.

IGET Power Su_'nulatlon for Infu_'leon IGBT m:_:dul_es V6.1a September 2006 IPOSIM.PDF \nfo T s | o -
module selection for 3-phase inverter applications |n |neon

junction temperature ripple temperature at
selected module FFBODR17KE3 Irms = 500 A losses and corresponding junction temperature ripple for the IGET at Irms =5004
simulation Timax[C] 129.5 ripple ATj[K]
arameters: imin [ 2500
P Timin[T] 1240 5.5 (P
DI link voltage Ve [v] 300 Te[C]  107.3  — average losses
FiMS current Irms [2] 500 ThT] 85,3 | junction temperature | 127
Frequency 0 [Hz] 50 Mk, surrent for 2000 4 \
switching frequency fzw [Hz)] 2000 Tje= 125C E
Mak. junction temperature Ti[C] 125 Irmis [A] 4795 g‘
+ 122
madulation Factar m 1,00 i =
cosp 1,00 choose: g 3
Rith IGET-junction to case [Kiw] 0.028 BIGET CrDiode §
Fith case to heat sink per am [KiW] 0,012 0,017 0,033 g 1w |E
-] 1000 1 8
= =
=
=
| . J T
application g
parameters: 50 | Tt (=
Fith heaat sink per aim [Kiw] 0.060
Mmak. ambient temperature Ta [C] 40
static IGET losses [W] 102 i e
dynamic IGBT lnszes (W] 293 E 696 0,000 0,005 0,010 0,015 onzo
static diode losses [W] 34
dunamic dicde losses [\)] 136 = 170 diagram based on typical device data @ Tj=125"C

one cycle of output frequency [s]
hiy to read the disgram:
The black curve shows the (assumed sinusoidal) Iosses, the red one the appearing ripple
on the junction temperature under steady state conditions.

By switching between the two IGBT / diode buttons (the active button is red-colored) you can perform
the calculation for the IGBT as well as for the diode part of the module. In most cases, the highest
temperatures for IGBTs will be reached in motor operation while diodes will reach highest
temperatures in regenerative operation. Be aware that you are not changing the cos ¢ when
switching between these buttons ! Clicking the diode button for cos ¢ > 0 will display the diode
temperatures at motor operation, clicking the diode button for cos ¢ < 0 will display the diode

temperatures at regenerative operation.
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Infineon uses different housing technologies for different classes of modules: e.g. high power modules
with AISiC base plate and AIN substrate or Cu base plate and Al,O; substrate; medium power
modules using Cu and thinner Al,O3 substrates and finally base plate less Easy modules.

Accordingly all modules are classified in IPOSIM into groups using normalized sets of Rth and tau
values for their thermal transient impedance. The classification and the sets of normalized parameters

are shown in the following table (HP: high power, MP: medium power):

class Rth1 Rth2 Rth3 Rth4 tau1 tau2 tau3 taud
1 HP modules with AISiC and AIN 045 0,25 006 024 003 010 0,30 1,00
2 HP modules with Cu and Al203 03 03 020 010 0,02 006 0,10 0,30
3  MP modules with Cuand AIRO3 0,06 0,33 032 0,29 0,01 0,02 0,05 0,10

4,5 baseplate-less modules depending on chip size 0,0005 0,005 0,05 0,20
6 PrimePACK with Cu and Al203 0,10 0,30 040 0,20 0,01 0,04 0,06 0,30
7 IHM-B 3.3kV 0,175 063 015 0,045 0,004 0,05 044 1,00
By pressing the button ‘print results’, you IGBY Pawes Simstatine fr nfiacms 1G0T madales P6tu Sepsembar 2006 @'L""E-"
may print a result summary, showing the |.....;.o. rrassmees ' ""'""",;‘,:;‘;':,',:":;,","'I'““I"f"
diagrams of sheets “select module”, |Feuessmnsra - o i :
“temperature distribution” and “temperature el | S 0 O
ripple” as well as the calculation inputs and -‘-_z.n?-‘::“.:-:;-::: ...“ :: i_ - /:;f o
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Distribution of static and dynamic losses for IGBT and diode

The diagram on sheet “loss distribution” shows the spreading of IGBT (blue) or diode (red) total

losses into a static and dynamic fraction.

IGET Power Simulation for Infineon IGET modules V6.1a September 2006

"~ .
medule selection for 3-phase inverter applications POSIM.PDF Info ‘ mflneon

distribution of static and dynamic lesses for IGBT and diede distribution of static and dynamic losses for IGET and diode versus phase leg current
selected madule: FFBDOR17KE3 FFS00R1TKE3 at 900 W and 2000 Hz switching frequency
simulation
pesamers: 2300, e total lnszes [IGET
DC link. woltage vde [v] 300 — e cratic loszes (IGET) W
RS current hms [A] 500 = = dynomic logses [IGET) W
Frequency i [Hz] 50 2000
- —=— total losses [diods] 1%
switching frequency fsw [Hz] 2000 1A
man, junction temperature T[] 125 — — static lozzes (diode) / W
madulation Factor m 100 g o - % - dynamic losses [dinds] W
cosp 100 E / -
§ / i
»
-]
L | 1000 7
-] I~ 2
£ +
g -
- Y
- -
500 - = i
- agadiut
/'/‘( e I
. I T| A
static IGET losses [W] 403 - e IR =
! —_——— - —— T
dynarmic IGET losses [W] 293 X 696 o | e e =} v = 4]
static diode losses [W] 20 0 200 00 600 500 1000 1200
dynamic diade losses [W] 136 b4 170 Diagram based on typical device data @ Tj=125C

phase leg current [Arms]
howy to read the diagratm:
The diagram shows the spreading of IGBT (blue) or diode (red) total losses into a static and
dhynamic fraction.
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Summary of the calculated results

Infineon

On sheet “results” you find a summary of the calculated results. The input parameters, thermal limits

and the numeric values for static and dynamic losses of IGBT and diode are given.

IGBT Power Simulation for Infineon IGET modulegs  VW6.1a September 2006
selected module: FFBOOR1THE3

Module: | IGBT: DIDDE: lead resistamce:
Irmz Ipeak Pztak| Edyn,| Pdyn,| PIGET Pztak,D Edyn,D Pdyn,D FOIODE P_rcceEE
[4] [4] [] [''z] [+] [+] [+] [f'z] [] [] [+]
a a a il Jul a a 0 il a a
56,6 &0 253 6,621E-01 351 554 243 1,T05E+00 5,2 51 a2
131 160 55,5 1,324E+00 66,2 22,0 6,0 1,555E+00 IR anT 2,57
163,7 240 5 1,356E+00 93,3 130,5 a4 1,362E+00 a5 07,5 6,46
226,53 F20 132,53 2,645E+00 15324 2645 13,0 2,031E+00 1046 116 145
2525 400 1754 3, 310E+00 1655 3433 16,3 2,220E +00 M0 1273 17,93
36T,T 520 2571 4, 504E+00 2152 472,35 23,2 2, 414E+00 1207 1435,3 30,31
452.5 G40 3475 5,23TE+00 2645 6123 301 2,607TE+00 130,35 160,4 45,31
SE5,T 00 456,2 &,621E+00 330 &17,2 40,2 2,565E+00 14352 15354 T4
35,4 1040 35,0 &,60TE+00 4304 163,53 512 3,252E+00 1626 2135 121,23
a0s1 1280 10263 1,053E+01 52497 15560 TG,G 3,635E-00 15,3 258,50 165,64
1151,4 1600 14300 1524 E+01 G621 21521 106 0 4 154E+00 2077 S15T 26 34
S00,0 TOT 40351 5 S52E+00 2326 635 T G542 2 T1SE+Q0 135 5 1633 56 04
anr abnnr uell Eur nalunlalinn of inlermediale snrreal walurs !
parameter input: diagram "averaqge loszes’: per switch:
DC link voltage Wde [W] 300 Irmz PIGET POIODE Prot Pumazx,l Pumax,D Prot
RMIE current Irms [&] 500 [4] [''] [''] [''] ["'] ['w'] []
frequency FO [Ha] B0 u] i} u] i} 14058,8 B16,3 i}
switching frequency Faw [Hz] 2000 19 a4 & 147.2 1405,8 B16,3 147,2
junction temperature Tj ['C] 125 131 22,0 T 2225 14035,5 616,35 2225
case kemperature To [[C] &n 1637 130,5 107,5 3047 1405,5 616,53 3047
madulatian Fackar m 1,00 226,53 2645 116 3935 14058.5 B16,5 3935
cos 100 2525 3433 1273 4537 1405,5 B16,5 4537
thermal limits: S61,T 472,53 4353 46,5 1405,5 B16,3 646,53
delka T [K] 45 4525 B12,5 1604 S15T 1405,5 B16,5 S15T
Rithjc,| [k 0,025 S65,T gi1,2 1534 o724 1405,5 616,35 72,4
| Premaze ] [ 1405 5 354 16355 2135 15044 1405,5 B16,3 15044
Rithje, D [k 0,064 ansa 15560 2585 1335.2 14058.5 B16,5 1335.2
| Promae O [ G165 305 1 15560 2555 13352 1405 5 E16 5 21525
217
thermal resiztamces: dliﬂri- 'tt-EeratIrt diztribution” |selecttd: IGET]):
| Fithh [ki"] 0,06 Irms Tijc Tch Tha Tamb Tj Timax ripple
Rithch [Eiw'} 0,012 [4] [E] [K] [F] ['C] ['C] ['C] [E]
Rithch,| [k 0,01725 a0 0,0 a0 0,0 40 40,0 125 0,0
Fithch O [Ei'] 0053423 56,6 14 1.0 ke 40 51,7 125 05
Ta['C] 40 151 33 21 154 40 54,3 125 10
163,71 &1 33 15,3 40 LT 125 15
226,75 a4 4.6 23,6 40 T6,6 125 21
2525 1.0 53 23,4 40 6,3 125 27
B1TH 15,0 g1 35,8 40 02,0 125 3T
4525 13,5 10,6 43,1 40 13,2 125 4.5
5657 26,0 14,1 64,5 40 144.5 125 6.4
364 31 201 a0,s 40 1574 125 31
a0s1 43,6 26,5 13,3 40 236,35 125 12,2
3051 GG 266 113,93 40 2553 125 16,3
000 222 120 55 40 1235 125 55

lrmurralarr dislribalisn Farialrrmrdialr sarrral nalars

The green layered field offers the opportunity to enter intermediate current values and to let IPOSIM

calculate the corresponding losses and temperatures at this operation point.
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Calculation of custom specific load cycles

On sheet “load cycle calculation” |POSIM offers the option to not only calculate losses and
temperatures for single operation points but also for complete load cycles with sampling points of
changing parameters. You can freely define application specific cycles with up to fifty sets of data.
You may enter, save and later on restore and if necessary modify your cycles. The data will be stored
in a file named “IPOSIM load cycles.xls”. The file has to be placed in the same directory as IPOSIM.

Beside editing old or entering new data via IPOSIM, you may also directly edit the Excel file.

IGBT Power Simulation for Infineon IGET meodules V6.1a September 2006

-~ .
meodule selection for 3-phase inverter applications oS EDE | ity | | n f| neon

load cycle calculation Enter the parameters of a load cycle, which

selected module FFEDOR17KE3 should be calculated for the selected module

cicleinarie 10ad cycle; FFB00R1ZKES or click on the load button, to load an already S ‘ load ‘ calculate ‘

Fith he st sink per arm [K//] 0,060 saved cycle.

time const. tau heat sink [5] 30

number of points 8 @ ambient temperature Ta 40T

point DC motor motor  switching  output losses losses total IGBT diode
point oftime voltage voltage current fregquency frequency cos @ m IGBT diode  losses Th Tc T Tc T

# [s] IMDC]  [vVrms]  [Arms] [kHz] [Hz] ] il ] [*Cl [*Cl [*cl [*C [*Cl
1 0 900 0 400 4 0,0 1 0,0 628,2 381,3 10453 584 69,3 96,9 73,5 111,8
2 3 000 600 A00 4 0 1 0,9 7500 2806 10673 627 75,7 00,6 73.8 04,4
3 31 900 600 250 4 50 1 0,9 4398 2325 6062 62,8 70,4 88,3 72,0 90,4
4 131 900 600 250 4 50 1 09 4398 2325 6862 68,0 75,6 89,6 77,2 94,1
5 13,2 000 600 A00 4 50 A 0,9 s055 4819 10233 681 76,8 02,1 87,1 115,1
] 15,2 900 1] 400 4 50 -1 0,0 628,2 3813 1045,3 70,3 81.1 101,1 85,3 113.4
7 153 900 0 0 4 0,0 1 0,0 0,0 0,0 0,0 70,2 70,2 85,7 70,2 91,9
[ 30 000 0 0 4 0,0 1 0,0 0,0 0,0 0,0 585 58,5 585 58,5 585

Due to the steady state approach for the heat sink on sheets “temperature distribution” and
“temperature ripple” there was no need to define its transient characteristic. Considering now
fluctuating cycles in the time frame of seconds, a time constant tau for the heat sink, whose thermal
resistance has already been entered on sheet “temperature distribution”, must be set.

IPOSIM assumes a periodic recurrence of the entered cycle. As long, as the time constant of the heat
sink is in the regime of the length of the load cycle or below, the calculated heat sink temperature will
be stable, means first and last point of the load cycle for T,, show the same value. If the time constant
of the heat sink exceeds the cycle length, the calculation should be repeated, until a steady state,
indicated by an identical heat sink temperature at start and end of the load cycle, has been reached.
When pushing the ‘calculate’ button (or when newly entering the worksheet) IPOSIM will check the
input area for consistency and issue a warning if necessary. The number of sampling points for
calculation will be derived by the duration of the load cycle and the smallest time step between the
single points of time. You can reduce calculation time by avoiding to small time steps between two
points. Depending on the resulting number of sampling points and speed of your PC, the following

calculation will need some ten seconds up to a minute. Please be patient.

When entering new data, adhere strictly the following guide lines:

# of points: Up to fifty sets of data are allowed. IPOSIM will use the entry of the field ‘number of
points’ (cell C9) to save and calculate data lines. Update this field, when you have entered additional
lines! The ‘save’ and ‘calculate’ button will not consider additional data beyond the value of C9.

point of time: The points of time have to start with '0' and must be consistently rising. It is not

necessary to have equidistant time steps.
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DC voltage: Take care that the DC voltage complies with the recommended operation ranges for the
different module voltage classes defined earlier in this document. Further on the DC voltage has to be
> 0, otherwise the modulation factor m can not be calculated.

motor voltage: The motor voltage can not exceed a value of Vrms = 0.9 VDC. This corresponds with

the maximum achievable value for m: m = YAC. = % <4 oo Veus < iVDC = 0.9V .
T

Vbe Vbe L J2
The resulting modulation factor will be calculated and shown in the table.
motor current: The motor peak current should not exceed the module’s current limit of two times the
nominal current.
output frequency: The operation at low frequencies results in extreme temperature ripples and could
therefore drastically increases the peak junction temperature. Review properly operation points at or
close to 0 Hz.

cos ¢ : The limits of -1 < cos phi < 1 must be obeyed.

On the succeeding sheet “load cycle diagrams” you find a graphic presentation of the input data, the

calculated losses and resulting temperatures for IGBT, diode and heat sink.

IGBT Power Simulation for eupec IGBT modules V6.1a September 2006 S = | v
module selection for 3-phase inverter applications E | |nf]ne0n
load cycle calculation
selected module FFB00R17KE3
cycle name load cycle; FFBO0R17KES
heat sink per arm Rtk tau 0,06 KA | 308
—— DC voltage Ti IGET
1000 —— metor valtage M- TolGET
400 = — —— motar current 120 Tj diode
(oo I D I SE— S | R T Y To dicde
= 350 _ 11D o
oo o \
S oo 1300 - || £ 100
P 1m0 g || § w0 q
2 smo 5|l ® e
= 1200 £ S &0 L
2 400 | E. P oo
300 1— _ st g ‘“___._._._._,_,_.___-»—"
200 1/ 4 100 B0 g e
100 44 L} =+ A0 a0
(e . . ) ; . 0 40 . . ; . :
1] i 10 15 20 25 a0 0,0 5,0 10,0 14,0 200 25,0 30,0
time [s] time [s]
1200 ——IGET losses Ta[C] Th{C]  TiIGBT[C] Tidiode[C]
HicHEIBEEgs min 56.0 57.6 57.6
— — —totallosses
1000 — ! r= mai 40,0 68,9 1032 1205
I I I delta 12.8 45,6 623
200 —
3 D [
i}
2 2
= oo a¥
200
1] T T T T T
1] ] 10 e 20 25 30
time [s]

Due to a certain lagging of the transient response of the heat sink you may find slight deviations
between the maximum values given in the blue layered fields (representing the extreme values along
the full cycle) and the highest Tj value calculated in the table on sheet “load cycle calculation”
(representing the temperatures exactly at the given points of time). The worst case values are always

given in this table.
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How to enter your own IGBT data ?

On sheet ,,values“ you find the IPOSIM data base. All module calculations are based on these data

which reflect the data sheet version given in column “AB”.

The last five lines of the table are not write-protected. This offers you the opportunity to enter your own

IGBT data. This could be desirable, if you use a different gate resistor (the required values for the

switching losses can be read from the corresponding diagram in the Infineon data sheet) or if you

have measured the switching losses by yourself.

New values should be entered according to the lines above in the following manner:

¢ No.: consecutive number; required

* IGBT type: e.g. FZxxxRxxKFx_modified

¢ housing type: input not required

* Rg[Q]: value doesn’t influence the calculation; input not required

e Vpc [V]: DC-link voltage used for characterization

¢ lom [A]: nominal module current

IGBT-parameters:

* Rthjc [K/W]: thermal resistance according to data sheet

* Vce @ Ic [V]: typ. saturation voltage; input not required

»  Etot/lc [mWSs/A]: normalized value of IGBT switching losses at nominal current: (Eon + Eoff) / I¢

e V_t02[V]and R _ce2 [Q] : threshold voltage and slope of saturation voltage at 25°C

* V_t01[V] and R_ce1 [Q] : threshold voltage and slope of saturation voltage at 125°C

Diode parameters:

* Rthjcd [K/W]: thermal resistance according to data sheet

* Qrr2 [uAs] and Qrr1 [uAs]: recovery charge at 25°C and 125°C according to data sheet; these
values will only be used, if no values for Erec are given

e Erec2 [mWs] and Erec1 [mWSs]: reverse recovery energy at 25°C and 125°C according to data

sheet

U_02 [V] and R_D2 [Q]: threshold voltage and slope of forward voltage at 25°C

« U_01[V]and R_D1 [Q]: threshold voltage and slope of forward voltage at 125°C

Module parameters:

« R_CC’+EE" [mQ]: module lead resistance according to data sheet

< Rthch [K/W]: thermal resistance case to heat sink; it has to be entered as a value per arm. E.g. a
FF1200R17KE3 module has two arms. The data sheet gives a value of 0.006K/W per module; the
per arm value is therefore 0.012K/W. Accordant to the relation between Rthjc,I and Rthjc,D this
value will be splitted by IPOSIM into an IGBT and diode fraction. Optionally the value for Rthch,I
and Rthch,D can be explicitly entered in the format “xxx / yyyy”.

e Zth class: classification of the thermal transients; see “calculation of the junction temperature
ripple” above

¢ Tvjop,max=150°C: Enter “150” for IGBT modules, which allow a maximum operation temperature
of 150°C

e data sheet issued: reference; input not required
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